The membrane filter, also known as molecular filter, is valuable for its ability to permit passage of large volumes of fluid and yet retain on its surface particles of bacterial size. The history of its development and some of its properties have been reviewed by Goetz and Tsuneishi (1951) . Other properties and specifications are available from the manufacturers.3 At present details of manufacture are not available to the public.
While use of the membrane filter (MF) has not been restricted to the field of bacteriology, this has been its chief area of application. Bacterial cells deposited from liquid or air suspension on the upper surface of the MF are able in many instances to grow to individual, discrete colonies when the filter is placed on a suitable nutrient surface such as an agar, or a blotting paper saturated with a liquid medium. Successful use of the MF has depended on the development of suitable nutrient media and this has progressed most rapidly in the field of sanitary bacteriology. Aside from the coliforms and enterococci, growth of several other organisms has been described. Rogers et al. (1955) and Morgante and Murray (1955) reported on cultivation of the tubercle organism; Orlando and Bolduan (1953) demonstrated growth of a variety of bacteria and fungi imperfecti on the MF. Gaspar and Leise (1955, 1956 ) studied growth of Brucella melitensis and Bacterium tularense 1 This work was supported by the Office of Naval Research and the Bureau of Medicine and Surgery under ONR contract with the University of California, Berkeley, California. 2 The opinions contained in this report are not to be construed as reflecting the views of the Navy Department or the Naval Service at large. (Article 1252 U. S. Navy Regulations, 1948.) Reproduction in whole or in part is permitted for any purpose of the United States Government.
(Pasteurella tularensis) on the MF. Goetz and Tsuneishi (1956) described a method for cultivation of Desulfovibrio aestuarii on the filter.
In connection with other work in progress, it was noted that inconsistent and erratic viable counts of several organisms were frequently obtained on the MF. This report presents attempts at elucidating possible sources of this variability. No one factor seemed to be operating. It would seem that medium satisfactory for use in other applications is not necessarily useful for MF practice. A poor medium would help to explain the poor recovery of viable cells frequently encountered in this work, but it would not explain the variability in replicate counts. Other equipment. Glass Petri dishes were used in the manner originally described by Goetz (1951) Cornwall syringes8 were used to introduce medium into the dishes when large numbers of replicates were needed.
Other materials, such as media and organisms, will be described with each experiment.
Procedures. Counting of colonies on MF was done under the 10X power of a binocular dissecting microscope, using oblique incident illumination. Other procedures will be described with each experiment.
6 Millipore Filter Corp., Watertown, Massachusetts; Falcon Plastic Products, Culver City, California. 7 Presterilized dishes are now available from the above suppliers.
8 Becton Dickinson Co., Rutherford, New Jersey.
RESULTS
Concentration of the medium. The published formula for a medium was termed the 1 X concentration.
Fractions or multiples of this concentration were tested by placing filters, each of wh-iflh had received comparable inocula of the organism under study, on pads soaked with medium. Data in table 1 demonstrate that there is probably no sharp optimum in medium concentration for any of the seven bacterial species tested.
Volume of medium. Medium from 1.5 to 4.0 ml per pad was added to a number of replicate pads on which were placed filters previously inoculated with aliquots of bacterial suspension. Serratia marcescens and Pasteurella pestis A1122 were tested on two media each.
One and a half to 2 ml of medium appeared to be optimum for the pads used.
Variability of the MF. Attempts were made to assess and explain the variability between replicate counts on the basis of physical and biological factors.
Physical Factors Fifteen to 20 filters of 6 different lot numbers were weighed to the nearest mg. Each filter was then cast on a dilute solution of carbol fuchsin in such a manner that it landed squarely on the surface of the dye. The time taken for about Y5 of the area of the filter to be penetrated by dye was clocked with a stopwatch. As seen from table 2, average weights on a lot basis ranged from 70 to 92 mg. Variability within lots was even greater. Similarly, wetting times were variable, with and glass dishes held in a sealed compartment was significant. Preincubation of suspensions. In some of the work carried out in a search for the causes of variability, it seemed that those MF which had been inoculated at the end of a series of replicates had higher and more consistent counts than did those prepared at the beginning. As a test of this possibility, 2 series of replicate suspensions of P. pestis were filtered, one set immediately after preparation of the suspension and another 30 min later. In the first trial (table 7) , there was no apparent difference between the 2 series, whereas holding for 30 min did appear to be detrimental in the second trial.
Penetration of MF by bacterial cells. It has been amply demonstrated that the MF is reasonably bacteria tight. However, we were using not only MF of a new make but a filter holder of a new design. The test to be described, then, was carried out to vindicate a filtration system, not just the filter medium itself. Although over 1 X 104 cells of P. pestis were deposited on each of 20 filter leaves, a vanishingly small number of viable cells was found in the effluent from these filters when the (table 8) , inoculated MF were rinsed with a pipette in 5 ml peptone water. In method B, the MF were placed in a flask together with 5 ml peptone water and the flask placed on a circular-motion shaker for about 15 min. In both instances, the bacterial cells in the peptone water were counted by dropping pipette method on appropriate solid medium; each MF was also placed on a nutrient-soaked pad and incubated for counts of the residual cells. In method C, a sterile MIF was placed on the screen support of the MF holder; on this was then placed another MF, face down, which had received an inoculum just previously. After clamping down the upper portion of the filter funnel, 25 ml of saline were poured through the 2 MF. These were then removed, separated and cultured as above. In table 8 it is seen that the first two methods of washing the MF removed not over 1 of the impinged cells of S. marcescens. With P. pestis, the total recovery was far less than that indicated by the viable count of the filtered suspension. As it was, about ½1 the total of that which was recovered was found in the wash fluid. In the attempts to back-rinse MF, S. marcescens appeared less tightly bound to the MF surface than did P. pestis.
Of the numbers of the former organism, 2t were retained by the first MF, whereas with the latter, over 95 per cent were so retained in the population being filtered are borderline with respect to nutritional requirements and under the conditionsSwhich exist on the filter (in contrast to those on an agar surface) such cells are uiiable to reproduce to the point of producing countable colonies. There appears to be no great restriction in concentration of ingredients in the media tried. The desirability of using blotter pads impregnated with liquid media in preference to an agar surface seems to be questionable. Kutscher (1955) , among others, is of the opinion that agar is to be preferred. We too have observed in a number of instances, where comparisons were made, that agar supported earlier growth, and somewhat more consistent quantitative results were obtained. Selection of the optimum volume of liquid medium to be used in the nutrient pads must be governed by the thickness of the pad; it is not desirable to have more than a drop of medium unabsorbed by the pad. Contamination of the medium by growth froin the upper side must be avoided and this is best done by refraining from the use of too much liquid medium and by employing aseptic technique.
It is obvious that some steps must be taken to prevent drying out of the medium; if this is not done the filter lifts off the surface and no flow of nutrient is possible. From the data presented it would seem that the seal afforded by the plastic dish is sufficient for incubation periods of up to 2 days. On the basis of this work and according to Slanetz and Bartley (1955) saturated humidity, as described by Goetz (1951) , may not be required; on the other hand, Geldreich et al. (1955) SUMMARY Equipment for use with the membrane filter is described. It was found that the filter method for counting viable organisms was not reliable when certain organisms were tested. Some of the factors studied in an attempt to elucidate the cause(s) for the variability encountered were: concentration of medium, volume of medium in the nutrient pad, comparison of variation between lots of filters, humidity, and age of suspension before filtration. None of these factors was found to be responsible for the observed variability. The filtration system (filter and funnel) was shown to retain over 99 per cent of cells impinged on the filter; these cells were thereafter removed with difficulty.
It was felt that the main sources of bias is probably a function of the media used as well as variability in the filter medium itself.
